Abstract. The effect of uniform suction or injection on the flow of an incompressible laminar boundary layer over a cone was theoretically investigated. The boundary layer equations along a cone are transformed into nonsimilar ones, and the numerical calculations of the resulting equations are performed by the difference-differential method for various values of the suction/injection parameter. The neutral stability curves are then presented for values of the cone angle and the suction/injection parameter. The results are given for the velocity profiles, coefficient of skin friction, displacement thickness, and the critical Reynolds numbers.
1. Introduction. The problem of three-dimensional boundary layer flow past an axisymmetric body is of fundamental importance in fluid mechanics. The behavior of a boundary layer over a cone is one of the simplest types of axisymmetric flow. The fluid flow and the heat and mass transfer over a cone rotating in a still medium have been studied by many investigators [1] [2] [3] [4] [5] . However, studies of the stability and the transition of boundary layer over a cone have not been reported in detail except for the experimental and theoretical investigation done by Hassler [6] and Kobayashi [7] .
The purpose of the present paper is to solve a nonsimilar boundary layer flow with uniform suction or injection and to study the theory for the linear stability analysis of the effect of uniform suction or injection on the flow over a cone. The nonsimilar boundary layer equation was calculated by the difference-differential method after transforming it to an equivalent two-dimensional problem by Mangler's transformation. Numerical results were obtained for the velocity profiles, displacement thickness, and the coefficient of skin friction for various values of suction/injection parameter. The effect of the suction or injection on the stability of boundary layer over a cone was further considered. The neutral stability curves and the critical Reynolds numbers were given for various values of suction/injection parameter. (5) and (6) in Eqs. (1) and (2), the governing differential equation
and the boundary conditions
where k^fx is the parameter of suction or injection which is defined by (8) (9) Ue is the flow velocity at the outer edge of the boundary layer, which is given as Ue(x) = ax's. v0 is the velocity of suction (v0 < 0) or injection (v0 > 0). The parameter m depends solely on the cone half angle Q. The relation between m and Q was shown by Whitehead and Canetti [5] , and the tabulated values of m and were given by Hess-Faulkner [8] . The partial differential equation (7) is approximated by a system of ordinary differential equations when replacing the x derivative by finite difference. After substituting X = kyjx, Eq. (7) 
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The solution of Eq. (12) is expressed as an integral at the /th station X -ih,
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The plus and minus sign, in Eq. (15), refers to the suction and injection respectively.
Equations (14) and (15) involve f(tj) and df/dr) at the station X = X,_i, X,_2, and Xi-3. When the quantities at all previous stations are known, the solutions at the X = Xi can be determined. The Falkner-Skan solution can easily be recognized in the initial function f0(tj) at X = 0. The quantities f\{rj) and f2(rj) at X = X\ and X = X2
can be obtained by introducing equations similar to Eq. (12), in which the derivatives of f(t\) with respect to X are replaced by two-point or three-point formulas instead of a four-point formula. The integral equations (14) and (15) were solved by iterative numerical procedures to a positive or negative X direction according to the sign of ky/x. The convergence of the iteration was kept within 5 x 10"7 for values of d2f/dri2 at = 0. The velocity profiles U(-u/Ue) in the boundary layer are shown in Fig. 1 for various values of £2. Figures 2, 3 , and 4 show the velocity profiles for £2 = 15°, 30°, and 60°, respectively, as a function of the suction/injection parameter ks/x. The velocity profiles become flat as the cone angle Q and the suction/injection parameter k\fx are increased. Figure 5 shows the relation between the displacement thickness 5* and the suction/injection parameter kyfx for various values of the cone angle Q. 5* is calculated from the following equation: <i9)
As it can be seen in Fig. 5 , the displacement thickness S* decreases with increasing cone angle Q and suction/injection parameter ky/x. The coefficient of skin friction Cf is shown in Fig. 6 against ky/x, where the coefficient Cf is defined by By observation, the coefficient of skin friction Cf, in Fig. 6 , is seen to increase for all cone angles as ksfx is increased.
3. Stability of laminar boundary layer over a cone. The effect of uniform suction or injection on the stability of the boundary layer mentioned above is considered. In this analysis, the Orr-Sommerfeld equation is used as the perturbation equation, which is expressed as follows: The nondimensional wave number of disturbances a* is plotted against the Reynolds number R*. a* and R* are given as a* = ad* and R* = Ued*/v, as a function of the suction/injection parameter ky/x. Figure 10 shows the relation between the critical Reynolds number R*c and the suction/injection parameter ky/x. It is clear from these figures that the critical Reynolds number R*c increases as the cone angle Q and the suction/injection parameter ky/x are increased, that is, the flow is stabilized.
4. Conclusions. The characteristics of the boundary layer over a cone for the case of uniform suction or injection were made quantitatively clear. The theoretical analysis on the growth of instabilities of the boundary layer were further carried out. The results are summarized as follows.
1. The velocity profiles, the displacement thickness, and the skin friction were given, which made the calculation of the neutral stability curves become possible. As the cone angle and the suction/injection parameter are increased, the coefficient of skin friction increases and the boundary layer displacement thickness decreases.
2. The curves of neutral stability were obtained for various values of the cone angle and suction/injection parameter. As the cone angle and the suction/injection parameter are increased, the critical Reynolds number increases, as the result of which, the boundary layer flow along a cone becomes stable. 
